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ABSTRACT

In 2006, the amounts of seagrass products floating away and depositing were measured by in situ cage
experiments in a monospecific seagrass meadow of Enhalus acoroides in Gilimanuk Bay, Bali Island. Results
showed that the average rates of the floating and depositing leaves were 4.03 +0.28 and 7.95 + 0.31 gram dry weight
shoot! day! respectively. To express it in another way, about 66.4 % of seagrass production was deposited on the
seagrass bed and 33.6 % floated away from the seagrass bed.
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INTRODUCTION

High productivities of seagrass meadows have
been reported hitherto from different parts of the
world (McRoy and McMillan, 1977; Zieman and
Wetzel, 1980; Hilman et al. (1989). It has also
been pointed out that considerable amount of
seagrass was reported offshore (Zieman et al.,
1979; Bach et al., 1986). Part of this may be
washed ashore at distant coast or deposited on
the deep sea floor. The materials are important
food resource for the benthic animals. However,
in comparison with the knowledge on the
decomposition process after settling, the data on
processes of exportation and depositions are limited
(Calagher et al., 1984; Greenway, 1976). Taking
this important fact into consideration, a detailed in
situ investigation has been carried out in order to
estimate the amount of floating and depositing
parts of seagrass at Gilimanuk Bay, Bali Island,
Indonesia.

MATERIALS AND METHODS

Field cage experiments were carried out at
seagrass bed of Gilimanuk Bay, Bali, in March 2006
(Fig. 1). A monospecific meadow of Enhalus
acoroides lies on the sandy-mud bottom in Burung
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and Kalong Islands, Gilimanuk Bay. The seagrass
bed lies at 5 m off shore, extending about 200 m in
length and about 500 m in width along the sandy-
mud beach. Four experimental cages were set in
monospecific seagrass bed of E. acoroides at 0.50
- 2.0 m depth. Before setting up the cages in the
seagrass bed, two kinds of experimental seagrass
stands were prepared by cutting the surrounding
seagrass shoots. One set of stand (cage 1 and 2)
with an area of 1 x 1m is located in Burung Island
and the second one (cage 3 and 4) with an area of
0.5 x 0.5m is located in Kalong Island. Then the
litters in each stand were collected by hand and
dried at 105°C for 24 hours and weighed.

In March 2006, acage (L: W:H=1m: Im:
0.8m), with 2mm mesh net covering five sides
except the bottom, was set on each experiment
stand to prevent the loss of both floating and
depositing parts of seagrass. In order to collect
the floating and depositing leaves easily, a plastic
fastener was provided at the top corner of three
sides of the cage. In cage 1 and 2, only floating
leaves and sheath at the ceiling of cages were
collected carefully using a small plastic bag. In
cage 3 and 4, the floating materials, depositing
leaves and sheath (debris) at the bottom were also
collected completely by hand with plastic bag. The
collection was carried out every day over six days
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Figure 1. Map of experiment site (X), Gilimanuk Bay, Bali.

(6 times). The floating materials were divided into
two categories, i.e. green (live) leaves including
sheath and brown (dead) leaves. All materials were
dried at 105°C for 24 hours and weighed.

After the experiments, both above-ground and
under-ground parts were collected from Cage 3
and Cage 4. The underground parts, especially up
to 15cm depth (Cage 3) and/or 25c¢m depth (Cage
4) were collected by hand. After counting the
number of shoots, seagrasses were divided into 3
parts, i.e. leaf, rhizome and root. Then, each part
was dried at 105°C for 24 hours and weighed.

RESULTS

The number of shoots, biomass of each
seagrass part and detritus (stock of litter) are
presented in Tabel 1. The shoot densities of Cage
3 and 4 were 76 and 52 m, respectively, and these
densities were only 1/2 and 3/4 of the mean density
of the surrounding areas (96 shoots m?). The total
biomass of cage 3 and cage 4 were 325.4 and
226.9 gDW m?, respectively. The above and
under-ground parts contributed fifty percent of the
total biomass. The direct observations in the
underlying sediments showed most part of the
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underground system of E. acoroides within 30 cm
depth while root system was almost found in
sediment deeper than 40 cm.

The biomass of detritus (stock of litter) in Cage
3 and 4 were 20.7 and 24.1 gDW m™? respectively,
while that detritus on surrounding was 40.0 gDW
m2, about two times that of in experiment cages.

The amount of floating and depositing (debris)
materials collected every day are shown in Table
2. Among floating materials, the brown ones only
consisted of dead leaves and the green ones
consisted of green (live) leaves with sheath. The
debris was occupied by only brown leaves. The
amount of floating brown leaves ranged from 0.45
to 0.57 gDW shoot'day’'. The quantities of
floating brown leaves in Cage | and 2 were
relatively stable. But in Cage 3 and 4 were found
more fluctuated. Nevertheless, the mean values
in each cage were similar to each other (Table 2).
The mean rates of floating green leaves in Cage
1, 2 and 4 were similar and varied within a range
0f0.22 to 0.32 gDW shoot'day'. The sheath with
green leaves occupied only 20% of the floating
leaves and only one or two sheath floated per day
in these cages. In Cage 3, most part of floating
materials were occupied by 5 or 6 sheath with
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Table 1. Biomass and litter of seagrass (gDWm?) in each experiment cage.

Categories Cage 3 Cage 4
Number of shoot 76 52
Dry weight (g)
Above ground (leaf, sheath) 166.3 (51.1%) 121.4 (53.5%)
Under ground (rhizome, root) 149.1 (48.9%) 105.5 (46.5%)
Total biomass 3254 226.9
Litter 20.7 241
Total biomass/shoot 44 45
Above ground part/shoot 2.62 2.81
Table 2. Daily defoliation rate (g DW shoot day™') in the experiment cages.
Days Cage 1 (FL) Cage 2 (FL) Cage 3 (DL) Cage 4 (DL)
1 0.45 0.57 271 272
2 0.46 0.53 2.83 2.75
3 0.45 0.55 292 2.96
4 0.45 0.49 297 2.80
5 0.49 0.55 2.98 285
6 0.50 0.54 2.85 295
Mean 0.47 0.54 2.89 2.84
SD 0.01 0.02 0.12 0.09

FL = Floating leaf DL = Depositing leaf

green leaves during the first six days. This made
the floating rate of sheath with green leaves
increased to two or three times larger than that of
remaining cages. After this period, the rate in Cage
3 also decreased to the same level as in other
cages. Total rate of floating leaves (including
sheath), with the exception of the rate in Cage 3,
ranged from 0.27 to 0.33 g DW shoot'day".

The deposition rates (debris) in Cage 3 and 4
were fluctuated from 2.77 to 2.98 gDW
shoot'day! with the mean rates of 2.89 and 2.84
gDW shoot'day!, respectively. The mean rates
of floating leaves, depositing leaves and defoliation,
except the rate floating leaves in Cage 3, were
shown in Table 3.

The debris (depositing) of the total defoliation
and floating leaves, contributed 66.4% and 33.6%,
respectively. Two fifth of the floating leaves was
green (live) and the rest was brown (dead) leaves.

DISCUSSION

The density of shoot at experiment site was
less than that of the surrounding areas and that of
the monospecific seagrass bed in Gilimanuk Bay.
Dry weight of individual shoot was the same as

those reported by the other authors and hence the
biomass of this E. acoroides bed was also
remained the same. The biomass also agreed well
with the standing crops of other tropical seagrasses
and that of the mixed seagrass bed in Lombok
Island and Indonesian waters, where, the same
type of cage experiments were done by Nojima et
al. (1991); Nojima and Mukai (1991).

Among floating leaves, the amount of brown
leaves was relatively stable in all cages. There is
shown that the brown leaves may be detaching
and floating away at constant rate like the
depositing leaves. The green leaves, especially
those with sheath, seem to broken off by accidental
conditions such as storms and the action of
herbivores (Greenway, 1976; Zieman et al., 1979;
Nojima et al., 1991). However, in the cages
excluding macro-herbivores, the daily rate of
floating leaves was relatively constant with the
exception of the first two days in Cage 3. During
the first two days, floating of 5-6 sheaths with green
leaves contributed 20% of the total floating green
leaves. This is in contrast with the one or two
sheaths in other cages. The reason is not known
until know. However, the method used during the
collection of debris seems to be one of the cause
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Table3. The mean rates (gDW shoot'day™) of floating leaf, depositing leaf and defoliation.
Categories Mean Cages No.of data

Floating leaf (brown) 2.69+0.12 All cages N=24
Floating leaf (green) 1.26 +0.06 1,24 N=18
Total floating leaf 403+0.28 1,2 4 N=18
Debris (depositing leaf) 795+ 0.31 3, 4 N=12
Defoliation 11.98 +0.53 1,23 N=18
Defoliation 8.85+0.15 4 N=6

other than the effect of herbivores and storms
(strong wind).

Azkab and Kiswara (1994) showed that leaf
growth rate (production of leaf) was nearly equal
to leaf defoliation in the same seagrass bed.
Supposing that the production of above-ground part
balances defoliation for a short time, daily
defoliation, i.e. floating leaves and debris, equals
to daily production. In the present study, the daily
defoliation was 8.85 gDW mday’ in Cage 4.
Contribution of sheath was less than 33.6% of the
total defoliation, so that almost entire above-ground
production (over 66.4%) was occupied by leaf
(blade). These production rates were almost the
same with the production of E. acoroides in Kuta
Bay (Azkab et al., 1999).

In adjacent area and Kuta Bay, studies using
the marking method resulted the seagrass leaf
production of E. acoroides at 1.24
gDW mday (Azkab and Kiswara, 1994). The
leaf defoliation in the present study was 2.89 gDW
m?day’ in Cage 3 and 2.84 gDW m? day” in
Cage 4. In spite of comparison on the defoliation
of the same part (leaves), the rates could only
account for ¥ of that the estimated rate by present
cage experiment. The production rate of the
monospecific seagrass bed of E. acoroides in Kuta
Bay as recorded by Azkab and Kiswara (1994)
was 2.5 gDW m?day' using marking method. This
rate is slightly high, but very close to that of the
present study.

The production of seagrass bed is usually
followed by decomposition process. If the daily
deposition rate equals to daily decomposition rate,
instantaneous fractional loss rate (k) can be
estimated as follows: k = L/X, where L is income
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(daily deposition rate) and X is the amount of
accumulation (stock of litter) at a steady level
(Olson, 1963). While, the gross decomposition
period of the 95% of litter under the condition
without new deposition (T95) is estimated using
this instantaneous fractional loss rate as follow:
T95= 3/k. Using these equations for the present
study, k was estimated as 0.044, gross
decomposition period under the condition without
new deposition was estimated as four days. The k
and T95 values for Cage 3 and 4 were 0.079 and
5.0 days and 0.103 and 6 days, respectively. The
lower values in Cage 3 and 4 are attributed to the
lesser quantity of the debris. This is turned also to
enhance the rate of the decomposition in Cage 3
and 4. The T95 values of those cages were also
only half of that of the surrounding area.

The instantaneous decomposition rate in
Gilimanuk Bay was almost the same with that in
Kuta Bay. This means that the decomposition
process turns faster and the litter was quickly
incorporated into detritus food chain in mono
specific seagrass bed in Kuta Bay. On the contrary,
in the present Gilimanuk seagrass bed, the
decomposition process takes place relatively slow
than in Gerupuk Bay (Azkab, 1988). During the
decomposition process, the litter and debris might
have been utilized by various kinds of deposit
feeders. However, the macro detritus feeders,
such us sea cucumber and strawberry conchs
were very few in comparison with the seagrass
bed in Kuta Bay. In similar cages experiment done
in Kuta Bay, Lombok ca 34.7% of E. acoroides
flown out as floating leaves and 65.3% of
defoliation leaves contributed to debris.
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